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(54) Packet multiplexing apparatus 

(57) A packet multiplexing apparatus is presented 
for multiplexing packets to be transmitted from a number 
of user facilities to a local service node in such a way to 
assure equal access to one output port for all the users. 
The apparatus is provided with input ports (1.0~-1-(N- 
1 )) for inputting a packet in a respective input port; buffer 
memories (3-0— 3-(n-1 )) provided for each input port for 
temporary storage of a packet; an output signal trans- 



mission circuit (4) for retrieving a packet from each buff- 
er memory in a specific sequence; an output port (2) for 
transmitting packets output from the output signal trans- 
mission circuit; and a retrieval sequencing section (10 
or 20 or 30) for controlling the specific sequence by 
changing a retrieving order of packets from buffer mem- 
ories for each complete round of packet retrieval so that 
a frequency of the retrieving order for each input port is 
uniformly shared by the input ports. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a packet mul- 
tiplexing apparatus for multiplexing packets input from 
a plurality of input ports and outputting to one output 
port, and to a method of operating in a communication 
system comprised by a plurality of network communica- 
tion facilities connected by branching transmission lines 
to an opposite local service node. 
[0002] This application is based on patent application 
Nos. Hei 2-110954 and Hei 10-110777 filed in Japan, 
the contents of which are incorporated herein by refer- 
ence. 

Description of the Related Art 

[0003] For conventional packet multiplexing appara- 
tus, the round robin method is applied. In this method, 
input ports are checked for the presence or absence of 
packets starting from an input port with a low port 
number. 

[0004] The round robin method will be explained with 
reference to Figure 10. The packet multiplexing appa- 
ratus has n input ports (n is an integer larger than 2) 
1-0-1 -(n-1) and an output port 2. The input ports are 
sequentially numbered. In this case, an input port 1-0 
designates an input port in location 0, 1-1 in location 1, 
and similarly input port 1-(n-1) in location (n-1). Each 
input port is provided with respective buffer memories 
3-0 to 3-(n-1). The output signal transmission circuit 4 
checks whether the packets are stored in individual buff- 
er memories in the order of increasing port number, and 
if there is a packet, this packet is sent to output port 2, 
while if there is no packet, it checks the next buffer mem- 
ory corresponding to the next higher port number This 
is the method of multiplexing used in the conventional 
packet multiplexing apparatus to multiplex packets input 
from input ports 1-0 -1-(n-1 ) and outputting multiplexed 
packets to output port 2. 

[0005] In the round robin method, when there is an 
input port that is outputting packets frequently, the input 
port that is immediately behind the busy port must wait 
a longer period on average for its packet to be retrieved, 
compared with the input port immediately ahead of the 
busy input port. Therefore, differences in the waiting 
time results tor the various input ports. 
[0006] When operating in a public network system, it 
is necessary to guarantee fairness of service to all the 
users connected through individual input ports. Howev- 
er, conventional round robin method could not assure 
uniform treatment of all input ports. 
[0007] This problem of unfair packet retrieval will be 
explained in more detail using an example shown in Fig- 
ure 10. Suppose that m is an integer smaller than (n-1 ), 



and consider a case that packets are being input in (m)* 
input port at a higher rate than other input ports which 
are relatively idle. Waiting times of packets in (m-l)* 
port and (m+1 )*» port will be compared in the following. 

5 [0008] When a packet arriving in (m-1 ) m input port can 
be sent immediately to output port 2, if, (m)* input port 
is not busy. In comparison, a packet arriving in (m+1) m 
input port can be sent immediately to output port 2 when 
(m)* input port is not busy and, additionally, when its 

io buffer memory for (m)* input port is vacant in the next 
round of checking the (m)* input port. For this reason, 
the probability of immediate packet output from (m+l)^ 
input port is lower than that from (m-1 5 th input port. In 
other words, the average waiting time for sending a 

is packet is longer for a port that is ahead of the busy (m)* 
input port , i.e. (m+1) m input port, relative to a port that 
is behind the busy (m) m input port m, i.e. (m-1) tb input 
port. 

[0009] Therefore, an inherent problem exists in the 
20 round robin method that fairness in accessing one out- 
put port cannot be guaranteed for all users, in a com- 
munication system dependent on conventional packet 
multiplexing apparatus using round robin method. 
[0010] One example of systems that utilizes such a 
25 packet multiplexing apparatus is a communication sys- 
tem comprised by a plurality of network communication 
facilities (users) oppositely connected to a local service 
node (local exchange) through branching transmission 
tines. 

30 [0011] A communication method using such a system 
will be explained below. 

[0012] Figure 11 shows an example of the foregoing 
communication system including n network communi- 
cation (com) facilities 110-1~110-n (where n is an inte- 
rs ger larger than 2) and a local service node 1 20 connect- 
ed through a star coupler 130 with a branching ratio of 
n:1. That is, network com facilities 110-1-110-n having 
dedicated optical fiber lines 1 40-1 - 1 40-n are connected 
in a n: 1 ratio through a star coupler 1 30 to a local service 
40 node 1 20 having an optical fiber line 1 50. In other words, 
the local service node 120 is being shared by a plurality 
of network com facilities 110-1-110-n. 
[001 3] Each of the network com facilities 1 1 0- 1 - 1 1 0-n 
includes network termination units 111-1 -11 0-n for op- 
45 tical-electrical signal conversion and for termination of 
the signals exchanged between the local service node 
120 and the network com facilities 110-1 -11 0-n, and 
service-function interface units. This example relates to 
a case of multiplexing of call connections for connection 
so to the trunk network and LAN connections. In this ex- 
ample, interface units are comprised by circuit interfac- 
es 112-1-112-n and LAN interfaces 113-1-113-n. Cir- 
cuit interfaces 112-1-11 2-n are connected to respective 
telephones 114-1 -11 4-n, and LAN interfaces 
55 1 1 3-1 - 1 1 3-n are connected to respective computers or 
line hubs 115-1 -11 5-n. 

[0014] The local service node 120 is comprised by: 
local line termination units 1 21 -1 - 1 21 -n for optical-elec- 
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trical signal conversion and for termination of signals ex- 
changed between the local service node 120 and net- 
work com facilities 110-1 -110-n; a cross connect (XC) 
unit 122; and the interface units. Similar to the network 
com facilities, an interface unit is comprised by a circuit 
interface 1 23 and a LAN interface 1 24. The circuit inter- 
face 1 23 is connected to an exchanger 1 25, and the LAN 
interface 124 is connected to a router 126. 
[0015] A method of communication in such a 
branched transmission line is to use a time compression 
multiplexing (TCM) method, in which upward signals 
(from network com facilities to the local service node) 
and downward signals (from the local service node to 
network com facilities) are transmitted through the same 
line but are identified by the differences in their positions 
on a common time base. 

[0016] Figure 12 shows a communication diagram, 
showing the signal exchanges between the network 
com facilities 110-1-11 0-n and the local line termination 
unit 121 , according to the conventional communication 
method. For simplification, only the case of LAN con- 
nection will be explained. Also for simplification, syn- 
chronizing frames for the communication channel and 
optical transmission delay times through optical fibers 
are omitted. In the case of LAN connection, network com 
facilities 110-1 -11 0-n share a channel for transmitting 
the signals. 

[0017] In this case, transmission and reception of sig- 
nals are performed in burst cycles, that is, repeated cy- 
cles of transmission and reception actions. In a burst 
cycle, the downward signal channel (for transmitting 
downward signals from the local line termination unit 
121 to the network com facilities 110-1 -110-n) and the 
downward com channel shared by the network com fa- 
cilities are processed in the time division multiplexing 
(TDM) mode in the downward channel. And, in the up- 
ward channel, upward signal channels, for transmitting 
signals from the network com facilities 11 0-1 -110-n to 
the local line termination unit 121, and the upward com 
channel shared by the network com facilities are simi- 
larly processed in the TDM mode. 
[001 8] The example in Figure 1 2 shows that four net- 
work com facilities 110-1-11 0-n share one upward com 
channel. In order to share the com channel by four net- 
work com facilities, those facilities having the data to be 
sent output respective frame allocation requests to the 
local line termination unit 121. Responding to the frame 
allocation requests, the local line termination unit 121 
issues a frame transmission approval to each of the re- 
questing facilities. In order to increase the volume of da- 
ta from a plurality of users that can be transmitted in the 
upward com channel, each network com facility includes 
in the frame allocation request, the information regard- 
ing the amount of data to be sent, and the local line ter- 
mination unit includes, in the frame allocation approval, 
the information regarding the frame transmission timing 
and an approved length of frames for transmission. 
[001 9] According to the conventional method of com- 



munication, therefore, when the upward com channel is 
to be shared by the a number of network com facilities, 
the local line termination unit controls the timing of out- 
putting the user data to the upward com channel and 

s the amount of usage in the upward com channel, and 
based on the results of such control actions, it is neces- 
sary to inform the user facilities on the timing and chan- 
nel use information. This methodology requires the local 
line termination unit to use a high-speed control device 

ro for performing complex control actions quickly, and a cir- 
cuitry of a large scale operating at a high-speed so that 
a large amount of data should be handled. 

SUMMARY OF THE INVENTION 

75 

[0020] An object of the present invention is to provide 
a packet multiplexing apparatus that guarantees an 
equal access to one output port from a plurality of input 
ports, by substantially equalizing the waiting time for a 

20 packet to be retrieved from each input port. Another ob- 
ject of the present invention is to achieve the same by 
allocating an equal bandwidth to each input port. 
[0021] In the conventional round robin method of 
packet multiplexing, the order of retrieving packets from 

25 input ports is unchanged in all retrieval rounds. This in- 
herent problem in the conventional method is remedied 
in the present invention by changing the order of retriev- 
ing the packets from successive input ports for each 
round of packet retrieval. 

30 [0022] In the present apparatus, the retrieval process 
is controlled so that the order of retrieving packets from 
the input ports is allocated to each port (of port 1 to port 
n) at an identical probability from retrieval 1 to retrieval 
n, where n is an integer larger than 2. 

35 [0023] Furthermore, the retrieval process is controlled 
so that the frequency of any input port to be placed be- 
hind a packet-outputting-port is the same for all input 
ports 1 to n. In other words, the retrieval method can 
assure that, even if there is an input port that outputs 

40 packets frequently, it can be assured that a particular 
input port will not always be behind this busy input port. 
Therefore, each input port is given an equal waiting time 
before its packet is retrieved. 

[0024] Also, the retrieval process is controlled so that 
45 a total length of packets retrieved from a buffer memory 
will be less than a specific length for all buffer memories. 
Or, a ring buffer can be used for each input port so that 
packets having tail data within a region of the ring buffer 
will all be retrieved in the order of their arrival. Such a 
so method enables to equalize the bandwidth of all input 
ports operating within the system. 
[0025] Another object of the present invention is to 
provide a method of communication in a communication 
system comprised by a number of network communica- 
55 tion facilities connected oppositely through a branching 
lines to one local server node, using circuits of a small 
scale and without the need for high-speed controls. 
[0026] The feature of the present method is that at 
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least two frame packets to be shared by each network 
communication facility are defined within one burst cycle 
for upward communication, and frame packets are allo- 
cated to the users in frame packet units. 
[0027] This method simplifies allocation processing, 
because it is only necessary to respond to a network 
facility by instructing the location of the frame packets 
to be used, thereby eliminating the need for high-speed 
control devices for undertaking complex control func- 
tions required in the conventional method. Thus, the 
present packet multiplexing apparatus and method en- 
able to manage communication tasks at high-speed 
based on control circuits of a much smaller scale. 
[0028] It should be noted that the reference numerals 
are used for clarification purposes only and are not 
meant to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Figure 1 A, 1 B are block diagrams of a first em- 
bodiment of the packet multiplexing apparatus of the 
present invention. 

[0030] Figure 2 A, 2B are block diagrams of a second 
embodiment of the packet multiplexing apparatus of the 
present invention. 

[0031] Figure 3 is a block diagram of a third embodi- 
ment of the packet multiplexing apparatus of the present 
invention. 

[0032] Figure 4A, 4B are block diagrams of a fourth 
embodiment of the packet multiplexing apparatus of the 
present invention. 

[0033] Figure 5 is a block diagram of a fifth embodi- 
ment of the packet multiplexing apparatus of the present 
invention. 

[0034] Figure 6 is a diagram to illustrate the commu- 
nication actions of the packet multiplexing apparatus 
shown in Figure 5. 

[0035] Figure 7A, 7B are block diagrams of a sixth em- 
bodiment of the packet multiplexing apparatus of the 
present invention. 

[0036] Figure 8 is a block diagram of a seventh em- 
bodiment of the packet multiplexing apparatus of the 
present invention. 

[0037] Figure 9 is a block diagram of another embod- 
iment of the local service packet communication inter- 
face. 

[0038] Figure 1 0 is a block diagram of a conventional 
packet multiplexing apparatus. 

[0039] Figure 11 is an example of the component con- 
figuration in the packet multiplexing apparatus. 
[0040] Figure 1 2 is a diagram to illustrate the commu- 
nication actions in the conventional packet multiplexing 
method of the present invention. 
[0041] Figure 1 3 is a diagram illustrating the commu- 
nication actions in the first embodiment of the present 
invention. 

[0042] Figure 1 4 is a diagram illustrating the commu- 
nication actions in the second embodiment of the 



present invention. 

[0043] Figure 15 is a diagram illustrating another 
method for communication in the second embodiment 
of the present invention. 
5 [0044] Figure 16 is a diagram illustrating the commu- 
nication actions in the third embodiment of the present 
invention. 

[0045] Figure 1 7 is a diagram illustrating the commu- 
nication actions in the fourth embodiment of the present 
10 invention. 

[0046] Figure 18 is a diagram illustrating the commu- 
nication actions in the fourth embodiment of the present 
invention. 

[0047] Figure 1 9 is a diagram illustrating the commu- 
is nication actions in the fifth embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 

[0048] It should be noted that the following embodi- 
ments are provided for illustrative purposes and are not 
meant to be restrictive of the disclosed claims. It should 
also be emphasized that the combinations of all the fea- 

2S tures presented in the embodiments are not always nec- 
essary depending on the nature of applications. 
[0049] First, the packet multiplexing apparatus will be 
explained. After which, the method of communication of 
the present invention will be explained, in a system com- 

30 prised by a plurality of network communication facilities 
and a local service node oppositely connected by 
branching transmission lines. 

[Embodiment 1 of Packet Multiplexing Apparatus] 

35 

[0050] Figures 1A, 1B show, respectively, the config- 
uration of the first embodiment and a method of packet 
selection. 

[0051] As shown in Figure 1 A, the packet multiplexing 

40 apparatus is comprised by: n input ports 1-0-1-(n-1), 
where n is an integer larger than 2, and an output port 
2, where each input port is provided with respective buff- 
er memories 3-1 -3-(n-1 ) for temporary storage of pack- 
ets. A retrieval sequencing section 10 is provided for de- 

45 termining the order of retrieving a packet from the input 
ports. The retrieval sequencing section 10 instructs the 
output signal transmission circuit 4 on the order of re- 
trieving a packet from the input ports, and the output 
signal transmission circuit 4 retrieves packets from the 

50 buffer memories 3-1 ~3-(n-1 ) in the sequence instructed 
by the retrieval sequencing section 10. The retrieval se- 
quencing section 10 functions in such a way that the or- 
der of packet retrieval is changed after each completed 
round of input port checking, so that each input port has 

55 an equal probability of being in the packet retrieving se- 
quence of retrieval 1 , retrieval 2... to retrieval n. 
[0052] Next, working of the retrieval sequencing sec- 
tion 1 0 will be explained. In this example, there are n=2P 
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pieces of input ports (p is an integer larger than 1). Re- 
trieval sequencing section 10 is comprised by a counter 
1 1 for showing the order of checking the input ports and 
a counter 12 for changing the order of checking. The 
counter 11 is incremented by one count for each count, 
from count 0 to count (n-1 ), and after reaching count (n- 
1), it returns to count 0. The counter 12 is incremented 
by one count for each round of counter 11, from count 
0 to count (n-1 ), and after reaching count (n-1 ), it returns 
to count 0. The retrieval sequencing section 10 is further 
provided with a sequence computation section 1 3 for 
computing an exclusive-or value for each output bit from 
the counters 11 and 12, and instructs the output signal 
transmission circuit 4 on this value. 
[0053] The operation of the first embodiment will be 
explained using an example. In this example, it is as- 
sumed that there are four input ports identified by num- 
bers 0, 1 , 2, and 3 respectively, and counters 11,12 out- 
put numbers 0, 1,2, or 3. The following stages are in- 
volved. 

(1) First, the counter 12 shows 0 ("00" shown in bi- 
nary scale), and the counter 11 is incremented from 
0 ("00") to 3 ("11"), and the sequence computation 
section 1 3 successively computes an exclusive-or 
value for each output bit from the counters 11 and 
1 2. The output of the sequence computation section 
13 successively shows a sequence 0 ("00" = "00" 
xor "00" ; "xor" shows the calculation of exclusive- 
or for each bit of 2 values), 1 ("01 " = "00" xor "01 "), 
2 ("10" = "00" xor "10"), 3 ("11" = "00" xor "11") so 
that a packet is retrieved in the sequence of input 
port 0. input port 1 , input port 2 and input port 3. 

(2) Next, the counter 12 is incremented by 1 ("01 "), 
and the output of the counter 11 is again increment- 
ed from 0 ("00") to 3 ("11"). At this point, the output 
of sequence computation section 1 3 shows a se- 
quence 1 ("01" = "01" xor "00"), 0 ("00" = "01" xor 
"01 "), 3 ("1 1 " = "01 " xor "10"), 2 ("10" = "01 "xor"11 "), 
so that a packet is retrieved in the order of input port 

1 , input port 0, input port 3 and input port 2. 

(3) Next, when the output of the counter 12 is incre- 
mented to 2, the output of the counter 11 is again 
incremented from 0 to 3. At this point, the output of 
the sequence computation section 13 shows a se- 
quence 2 ("10" = "10" xor "00"), 3 ("11 "="10" xor 
"01"), 0 ("00" = " 1 0" xor " 1 0"), 1 ("01 "=" 1 0° xor "1 1 "), 
so that a packet is retrieved in the order of input port 

2, input port 3, input port 0 and input port 1 . 

(4) Next, when the output of the counter 12 is incre- 
mented to 3, the output of the counter 11 is again 
incremented from 0 to 3. At this point, the output of 
the sequence computation section 1 3 shows a se- 
quence 3 ("11" = "11" xor "00"), 2 ("10" = "11" xor 
"01 "), 1 ("01 "= "1 1 " xor "1 0"), 0 ("00" = "1 1 " xor "1 1 "), 
so that a packet is retrieved in the order of input port 

3, input port 2, input port 1 and input port 0. 

(5) At this point, the counter 1 2 returns to 0, and the 



process returns to stage (1). The results of input 
port sequence obtained from the exclusive-or oper- 
ation, based on output bits of the counters 11 and 
12, are shown in Figure 1B. 

5 

[0054] Focusing on input port 1 , the order of packet 
retrieval is second in stage (1), first in stage (2), fourth 
in stage (3) and third in stage (4) so that the packet is 
retrieved at the same frequency in each round of check- 

10 ing the input ports. Furthermore, input port 1 follows be- 
hind input port 0 in stage (1 ), behind input port 3 in stage 
(2), behind input port 0 in stage (3), and behind input 
port 2 in stage (4). In other words, no input port con- 
stantly follows a particular input port for packet retrieval, 

is as in the case of the round robin method. 

[0055] By using the packet multiplexing apparatus 
presented above, the process is controlled so that the 
packet retrieval sequence is changed after each round 
of counting the input ports, and that the order of retrieval 

20 1 to retrieval n is allocated to yield the same probability 
for all the input ports. Therefore, even if a certain input 
port receives packets at a higher rate than other input 
ports, the average waiting time for a packet from the time 
it arrives at an input port to the time it is retrieved from 

25 that input port is the same for all the input ports. This 
method thereby assures that all the input ports are treat- 
ed fairly for accessing the output port. 

[Embodiment 2 of Packet Multiplexing Apparatus] 

30 

[0056] Reviewing the results of the first embodiment, 
it is noted that input port 1 came after input port 0 twice 
out of the four rounds, and from a viewpoint of a higher 
probability of being behind a particular input port, com- 

35 plete fairness has not been achieved. To resolve this 
problem, it is necessary to assure not only that the order 
of retrieval is allocated at the same probability to all the 
input ports, but also that the probability of an input port 
to precede another input port is the same for all input 

40 ports 1 to n. To achieve this objective, it is necessary to 
develop the sequence for n ports in n! (factorial of n) 
ways. 

[0057] Figure 2A, 2B show the second embodiment 
of the packet multiplexing apparatus. 

45 [0058] As shown in Figure 2 A, the configuration of the 
packet multiplexing apparatus is the same as that of the 
first embodiment excepting for the retrieval sequencing 
section 20. The retrieval sequencing section 20 is com- 
prised by (n-1) pieces of counters 21-0-21-(n-2) and a 

so sequence computation section 22. Counter 21 -0 is in- 
cremented by 1 from 0 to (n-1 ) for each checking round 
of input ports, and returns to 0 after the count reaches 
(n-1). Counter 21-1 is incremented by 1 from 0 to (n-2) 
for each round of counter 21-0, and returns to 0 after (n- 

55 2). Similarly, counter 21 -(n-2) is incremented by 1 from 
0 to 1 for each round of counter 21 - (n-3), and returns to 
0 after 1 . 

[0059] The sequence computation section 22 deter- 
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mines the sequence of packet retrieval by adjusting the 
count value of the (n-1) pieces of counters 21 -0-21 -(n- 
2) according to the following rule. Suppose that input 
port number for retrieval 1 is the output number of the 
0 th counter 21 -0. Input port for retrieval 2 is obtained by 
arranging the input port numbers 0 to (n-1) from low to 
high, excepting for the input port which have already 
been selected, and selecting the input port number as 
the count value of the first counter 21 -1 plus 1 . Input port 
for retrieval 3 is obtained by arranging the input port 
numbers 0 to (n-1 ) from low to high, excepting for the 
input port which have already been selected, and se- 
lecting the input port number as the count value of the 
second counter 21-2 plus 1. Similarly after determining 
the order of packet retrieval for the remaining (n-1 ) input 
ports, input port number for retrieval n is the number re- 
maining in 0 to (n-1) counts. 

[0060] The operation of the second embodiment will 
be explained using an example. If it is assumed that 
there are four input ports identified by numbers 0, 1 , 2 
and 3. Counter 21-0 outputs numbers 0,1,2, 3; counter 
21 -1 outputs numbers 0,1,2; and counter 21-2 outputs 
numbers 0, 1. 

[0061] There are twenty four ways of arranging the 
counter output values, which are shown in Figure 2B. 
The digits shown in the counter output column in Figure 
2B represent, from the left, a digit output by counters 
21 -0, 21 -1 , 21 -2. For example, when the counter output 
is [000], the sequence of packet retrieval is obtained as 
follows: first retrieval is from port 0 (output number of 
the counter 21 -0) in a sequence of input ports 0, 1,2, 3; 
second is from port 1 which is (0 [output number of the 
counter 21-2] +1=1, first port) in a sequence of the re- 
maining ports 1 ,2,3; third is from port 2 which is (0 [out- 
put number of the counter 21-2] +1=1, first port) in a se- 
quence of the remaining ports 2,3; and fourth is the re- 
maining port 3. When the counter value is [120], first 
retrieval is from port 1 (output number of the counter 
21-0) of ports 0, 1,2, 3; second is from port 3 (2 [output 
number of the counter 21-1] +1=3, third port) of the re- 
maining ports 0,2,3; third is from port 0 (0 [output 
number of the counter 21-2] +1=1, first port) which is the 
first of the remaining 0,2; and fourth is from port 2 which 
is the remaining port. 

[0062] In Figure 2B, focusing on input port 0 among 
the twenty-four ways of sequencing the input ports, first 
retrieval occurs six times; second retrieval occurs six 
times; third retrieval occurs six times; and fourth retrieval 
occurs six times. Also, looking for preferential combina- 
tions of ports, it can be noted that a retrieval from input 
port 0 follows a retrieval from input port 1 six times; fol- 
lows port 2 six times; and follows port 3 six times. 
[0063] The same results as presented above for input 
port 0 are obtained for input ports 1 -3. 
[0064] By using such a packet multiplexing appara- 
tus, the sequence of packet retrieval is allocated in the 
same probability to each input port for retrieval 1 to re- 
trieval n, and also the probability of one input port to fol- 



low another input port is the same for all the input ports 
0-(n-1). Accordingly, the average waiting time, a time 
interval from an entry of a packet to a retrieval of the 
packet, is the same for all the input ports, thereby as- 
s suring fairness of accessing an output port for all the 
input ports. 

[Embodiment 3 of the Packet Multiplexing Apparatus] 

10 [0065] Reviewing the previous embodiments, the first 
embodiment dealt with a case of determining the retriev- 
al sequence in a plurality of input ports n, represented 
by n p (p is an integer larger than 1 ), using a retrieval 
sequencing section 1 0 having two counters. The second 

is embodiment dealt with a case of determining the retriev- 
al sequence in a plurality of counters. In the third em- 
bodiment to be presented, the number of input ports can 
be any integer and need not necessarily be based on a 
power of 2. In this case, a table is prepared so that the 

20 a sequence of packet retrieval, 1~n, is allocated in the 
same probability for each input port. The retrieval se- 
quence is then decided based on this table. 
[0066] The third embodiment apparatus will be de- 
scribed in more detail. 

25 [0067] As shown in Figure 3, the apparatus has the 
same components as the first embodiment, except for 
the retrieval sequencing section 30. The retrieval se- 
quencing section 30 has a table storage memory 31 
having a table giving a retrieval sequence so that the 

30 order of the retrieval ports is changed for each retrieval 
round for all the input ports, and that each retrieval, re- 
trieval 1 to retrieval n, has the same probability of being 
allocated to an input port. The retrieval sequencing sec- 
tion 30 has a sequence readout section 32 to read this 

35 table in succession, and instructs the output signal 
transmission circuit 4 according to the read value. 
[0068] The table stored in the table storage memory 
31 contains a retrieval sequence so as to allocate every 
input port at the same probability to retrieval 1 as to re- 

40 trieval n. For example, the table may contain a sequence 
computed according to 2p ways of arranging the 2P input 
ports explained in the first embodiment, or according to 
n! ways of arranging the n pieces of input ports, ex- 
plained in the second embodiment. It is also permissible 

45 to use a table based on other methods to compute the 
sequence of arranging n input ports in n ways. Also, all 
the combinations can be realized by using a table based 
on arranging n input ports in n! ways. 

so [Embodiment 4 of Packet Multiplexing Apparatus] 

[0069] In the embodiments presented so far, a retriev- 
al sequence was determined for each input port, regard- 
less of the presence or absence of a packet in each input 
55 port. In the fourth embodiment, only those input ports 
having a packet in the respective buffer memory are giv- 
en an approval for packet retrieval. 
[0070] Figures 4A, 4B illustrate the packet multiplex- 
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ing apparatus of Embodiment 4, and its actions. As 
shown in Figure 4A, n input ports (n in an integer larger 
than 2) 1 -0- 1 -(n-1 ), and one output port 2 are provided. 
Each input port is provided with a buffer memory 3-0-3- 
(n-1), a retrieval sequencing section 10 (or 20 or 30), an 
output signal transmission circuit 4, and an input signal 
transmission circuit 5. 

[0071] The operation of the apparatus will be ex- 
plained below. First, when a packet arrives at an input 
port, the packet is placed in the respective buffer mem- 
ory while the input signal transmission circuit 5 sends a 
packet-note, together with own input port identification 
(ID), to the output signal transmission circuit 4 informing 
that a packet is in the buffer memory. The output signal 
transmission circuit 4 authorizes those input ports that 
sent a packet-note to output the packet according to the 
sequence given by the retrieval sequencing section 10 
(or 20 or 30). The retrieval sequencing section changes 
the order of authorized input ports for each round of 
checking the authorized input ports so that all the input 
ports shares the packet output sequence in the same 
frequency. 

[0072] The retrieval sequencing section 10 (or 20 or 
30) follows the steps described in the first (or second or 
third) embodiment to specify a sequence of retrieval 1 
to retrieval n, regardless of the presence or absence of 
the packet in the n pieces input ports. Then, only those 
input ports that have sent a packet-note are selected 
and are allowed to output packets in the derived retrieval 
sequence. 

[0073] For example, suppose that a retrieval se- 
quence shown in Figure 1B has been determined. The 
serial output stream is shown in Figure 4B. If, in stage 
(3) for example, input port 0 receives an approval to out- 
put a packet and is outputting a packet. At this point, it 
is supposed there is no packet in the buffer memory of 
input port 3, and that input ports 1 and 2 have notified 
that each has a packet. Here, output signal transmission 
circuit 4 authorizes input port 1 to output the packet via 
the input signal transmission circuit 5, and if input port 
3 has not sent a packet-note while input port 1 is out- 
putting the packet, then, input port 3 is skipped and input 
port 2 is authorized to output the packet. Accordingly, 
by permitting only those input ports, that have sent a 
packet-note to the output signal transmission circuit 4, 
to output a packet, there is no necessity for checking the 
presence or absence of a packet in buffer memories of 
all the input ports. Therefore, the multiplexing produc- 
tivity is improved. Also, by using such a packet multi- 
plexing apparatus, it is possible to control the retrieval 
process so that the frequency of being in the packet out- 
put position will be shared equally by all the input ports. 

[Embodiment 5 of Packet Multiplexing Apparatus] 

[0074] In all the embodiments presented so far, the 
number of packets that are retrieved from each input 
port in one retrieval has not been restricted in particular. 



In the fifth embodiment, the number of packets is re- 
stricted so that the length of the packet retrieved in one 
retrieval operation is uniform for all the input ports. 
[0075] Figure 5 shows a block diagram of the fifth em- 

s bodiment apparatus. 

[0076] The apparatus has n (an integer larger than 2) 
input ports 1-0-1 -(n-1) and one output port 2. Further, 
the input ports are provided with respective buffer mem- 
ories 3-0~3-(n-1 ) for temporary storage of a packet. The 

io apparatus also comprises a retrieval sequencing sec- 
tion 1 0 (or 20 or 30), an output signal transmission circuit 
4, an input signal transmission circuit 5, and a retrieva- 
ble packets selecting section 6. 

[0077] The operation of the apparatus will be ex- 
's plained below. First, when a packet arrives in an input 
port, the packet is stored in the respective buffer mem- 
ory while the input signal transmission circuit 5 sends a 
packet-note together with the respective input port ID to 
the output signal transmission circuit 4. The input signal 
20 transmission circuit 5 also sends the relevant input port 
number and the packet length information to the retriev- 
able packets selecting section 6. Next, the output signal 
transmission circuit 4 authorizes those input ports, that 
have sent the packet-note, to retrieve a packet in a se- 
25 quence determined by the retrieval sequencing section 
10 (or 20 or 30). The retrieval sequencing section 10 
changes the sequence of authorized input ports for each 
round of checking the authorized input ports, and con- 
trols the retrieval process so that there will be no differ- 
30 ence in the frequency of any input ports being in the 
packet output sequence. 

[0078] Here, for those input ports that have sent a 
packet-note, if another packet arrives before the author- 
ization is received, the newly arrived packet is added 
35 and stored in the relevant buffer memory, then the input 
signal transmission circuit 5 sends the packet length in- 
formation of the new packet to the retrievable packets 
selecting section 6. 

[0079] The retrieval sequencing section 10 (or 20 or 

40 30) follows the steps described in the first embodiment 
(or second or third embodiment) to specify sequences 
of retrieval from retrieval 1 to retrieval n, regardless of 
the presence or absence of the packet in the n pieces 
input ports. Then, only those input ports that have sent 

45 a packet-note are selected and are allowed to output 
packets according to the derived retrieval sequence. 
[0080] The retrievable packets selecting section 6 cal- 
culates a sum of packet lengths for each input port, by 
adding the new packet lengths as they arrive according 

50 to the packet length information received in the respec- 
tive input ports. The number of allowable packets is de- 
termined by the retrievable packets selecting section 6 
so that the sum of the packet length would be less than 
a pre-determined value, and this data is sent to the input 

55 signal transmission circuit 5. An input port receiving a 
frame transmission approval sends out the number of 
packets determined by the retrievable packets selecting 
section 6. At this stage, if the buffer memory contains a 
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number of packets that is higher than the permitted 
number of packets determined by the retrievable pack- 
ets selecting section 6, the packets that have not been 
output are to be left behind, and the relevant input port 
must wait for the next approval. 

[0081 ] A specific example of operation of the sixth em- 
bodiment apparatus will be presented with reference to 
Figure 6. In this example, there are three input ports, 
and the packet length that can be output from each input 
port in one burst cycle is a maximum length L Suppose 
that: input port 1 receives four packets of L/3 length 
each, in the order of a1 , a2, a3, a4; input port 2 receives 
four packets of L/2 length each, in the order of b1, b2, 
b3, b4; input port 3 receives two packets of L length 
each, in the order of c1 , c2. These data are stored in the 
respective buffer memories. 

[0082] Each time a packet is received in the respec- 
tive input ports, the input signal transmission circuit 5 
notifies the retrievable packets selecting section 6 that: 
input port 1 received a packets of packet length L/3; in- 
put port 2 received a packet of U2, and input port 3 re- 
ceived a packet of packet length L. 
[0083] The retrievable packets selecting section 6 cal- 
culates a number of retrievable packets for each input 
port, based on the notified packet length and the pre- 
determined packet length L This process will be ex- 
plained for the case of operating input port 1 . The re- 
trievable packets selecting section 6 sums the notified 
packet lengths in the order of packet a1 , packet a2 and 
so on. Because the packet length sum for packets a1, 
a2, a3 is equal to the maximum allowable packet length 
L, the retrievable packets selecting section 6 determines 
that the number retrievable packets from input port 1 is 
three. Similarly, the retrievable packets selecting sec- 
tion 6 determines the number of retrievable packets for 
input port 2 to be two packets, and that for input port 3 
to be one packet. 

[0084] The retrievable packets selecting section 6 
then sends the information regarding the respective 
number of retrievable packets to the input signal trans- 
mission circuit 5. It is to be noted that the retrievable 
packets selecting section 6 erases the packet informa- 
tion (length data and others) on the retrieved packets 
from the respective buffer memories so as to avoid du- 
plication in processing. 

[0085] Next, suppose that input port 1 receives a 
frame transmission approval, then input port 1 sends the 
packets a1 , a2, a3 in the order of their arrival. Similarly, 
when input port 2 receives an approval, it sends the 
packets b1 , b2 in the order their arrival. When input port 
3 receives an approval, it sends packet d that arrived 
first. 

[0086] By following such a procedure, the packet mul- 
tiplexing apparatus of this embodiment equalizes the 
operational bandwidth of each input port. 
[0087] Here, A packet having a maximum packet 
length can be output by making the p re-determined 
packet length sum longer than the maximum packet 



length. And also a packet having a packet length longer 
than the pre-determined length can be output by select- 
ing larger number, number 1 or number of packets 
whose packet length sum is equal to or less than the 
5 pre-determined packet length, and setting the selected 
number as outputting number of packets. 
[0088] In this example, the input signal transmission 
circuit 5 outputs packet notices and, in response, the 
output signal transmission circuit 4 authorizes packet re- 
io trievals for the input ports (as in the case of the fourth 
embodiment), but the input ports may be sequenced re- 
gardless of the presence of packets in the input ports 
(as embodied in the first to third embodiments). 
[0089] By using such a packet multiplexing appara- 
tus, the bandwidth can be made equal among the input 
ports, so that input ports outputting long packet fre- 
quently can be equalized against input ports outputting 
short packets frequently. 

[Embodiment 6 of Packet Multiplexing Apparatus] 

[0090] The sixth embodiment of the packet multiplex- 
ing apparatus uses ring buffers for buffer memory to 
control the number of packets to be output from the input 
ports to the output port. 

[0091] Figures 7A, 7B show a block diagram of the 
apparatus. As shown in Figure 7A, the apparatus is 
comprised by n (an integer larger than 2) input ports 
1 -0-1 -(n-1) and one output port 2. Each input port is pro- 
vided with a ring buffer 7-0~7-(n-1) for temporary stor- 
age of packets. Each ring buffer is controlled by a ring 
buffer managing section 8-0~8-(1-n). In this example, 
one managing section is provided for each ring buffer 
but it is possible to configure so that one managing sec- 
tion manages all the ring buffers. The apparatus also 
has a retrieval sequencing section 10 (or 20 or 30), an 
output signal transmission circuit 4 and an input signal 
transmission section 5. 

[0092] The operation of the apparatus will be ex- 
plained below. First, when a packet arrives at an input 
port, the packet is placed in the respective buffer mem- 
ory while the input signal transmission circuit 5 sends a 
packet-note, together with own input port ID, to the out- 
put signal transmission circuit 4 informing that a packet 
is in the buffer memory. The output signal transmission 
circuit 4 authorizes those input ports that sent a packet- 
note to output the packet according to the sequence giv- 
en by the retrieval sequencing section 10 (or 20 or 30). 
The retrieval sequencing section changes the order of 
the authorized input ports for each round of counting the 
authorized input ports so that the frequency of being in 
the packet output position will be shared equally by all 
the input ports. Here, for those input ports that have sent 
a packet-note, if another packet arrives before the au- 
thorization is received, the newly arrived packet is add- 
ed and stored in the relevant ring buffer. 
[0093] The retrieval sequencing section 10 (or 20 or 
30) follows the steps described in the first (or second or 
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third) embodiment specifies a sequence of retrieval from 
retrieval 1 to retrieval n, regardless of the presence or 
absence of the packet in the n pieces input ports. Then, 
only those input ports that have sent a packet-note are 
selected and are al towed to output packets according to 
the derived retrieval sequence. 

[0094] Figure 7B shows an example of the way the 
packets are stored in the ring buffer memory. The ring 
buffer memory is divided into regions of a pre-deter- 
mined length (capacity). In this example, the ring is di- 
vided into eight regions from region a to region h. The 
order to storage in the ring memory is clockwise. When 
a packet A arrives in an input port, packet A is memo- 
rized in its own ring buffer as illustrated. Initially, there 
are no packets in the ring buffer, and the ring buffer man- 
aging section 8 has region a in its memory, and the first 
packet to be memorized is placed in the leading area of 
region a. When packets B, C and D are successively 
input to the ring buffer, they are successively memorized 
inside the ring buffer as illustrated. The ring buffer man- 
aging section 8 has region a in its memory, and when a 
frame transmission approval is given to an input port that 
corresponds to this ring buffer, those packets having the 
tail data within the region a are successively output to 
the output port 2. In this example, only the packet A is 
output. 

[0095] The ring buffer managing section 8 then takes 
region b (adjacent to region a) in its memory. When this 
ring buffer receives a frame transmission approval, 
those packets having the tail data within region b (in this 
example, packets B, C) are successively output to the 
output port 2. Next, the ring buffer managing section 8 
takes region c in its memory. This process is repeated 
for all the packets memorized in this ring buffer to output 
the packets stored in this ring buffer memory. 
[0096] In this case, by allowing the length of each re- 
gion in the ring buffer to be longer than the maximum 
packet length in the data, that are arriving, and when a 
sufficient number of packets are in the ringbufferof each 
input port, the region stored in the ring buffer managing 
section is shifted by one region, each time a frame trans- 
mission approval is given. In other words, the operation- 
al bandwidth of each input port has, on average, been 
equalized by this ring buffer arrangement. By using such 
a multiplexing apparatus, it is possible to equalize the 
transmission bandwidth of each input port, thereby en- 
abling to equalize the transmission bandwidth of various 
input port that are outputting long packets frequently and 
those that are outputting short packet frequently. 

[Embodiment 7 of Packet Multiplexing Apparatus] 

[0097] The packet multiplexing apparatus in the sev- 
enth embodiment is based on a passive double star 
(PDS) optical access system, which is a type of com- 
munication systems. 

[0098] Figure 8 shows a block diagram of the packet 
multiplexing apparatus based on PDS system. The PDS 



system is comprised by a plurality of network com facil- 
ities 110-1,... that are connected to an opposing local 
line termination unit 121 through a star coupler 130 in 
an nil branching ratio. 

s [0099] Each network com facility is comprised by a 
network termination unit 111 for optical-electrical signal 
conversion and for termination of the signals exchanged 
between the local service node 120 and the network 
com facilities 110-1; and a network packet communica- 

10 tion (com) interface 116. 

[0100] The local service node 120 is comprised by: 
local line termination units 121 -a, 121-b,... for terminat- 
ing channel signals and optical signals to the network 
com facilities; a cross connect unit 122 for separating 

'5 and multiplexing com channels and signal channels 
sent from a plurality of local line termination units; and 
local service packet communication (com) interface 
127. 

[0101] Here, the network packet com interface 116 
20 and the local packet com interface 1 27 have at least one 
packet input/output port. Also, the local packet com in- 
terface 127 is connected to one or more than two local 
line termination units through the cross connect unit 112. 
To simplify the explanation, the system is assumed that 
25 the network packet com interface 1 1 6 has one input port 
and the local service packet communication interface 
127 has one output port. 

[0102] Also, the network packet com interface 116 
corresponds to the LAN interface 113-1,... in Figure 11, 

30 and the local packet communication interface 1 27 cor- 
responds to the LAN interface 124 in Figure 11 . 
[0103] Each network packet communication interface 
is provided with a respective ring buffer 7 and a ring buff- 
er managing section 8, as in Embodiment 6. Each of the 

35 local line termination units 121 -a, 121-b,... is provided 
with a retrieval sequencing section 10 (or 20 or 30) and 
output signal transmission circuit 4. In other word, the 
packet multiplexing apparatus of Embodiment 6 is com- 
prised a combination of the network com facilities 

40 110-1,...; optical fibers 140-1~140-n branched through 
the star coupler 1 30; and the local line termination units 
1 21 . The operation of such an apparatus is the same as 
the explanation provided in Embodiment 6 and will not 
be duplicated here. 

^5 [0104] The packet multiplexing apparatus so con- 
structed will guarantee fairness of packet output for a 
plurality of network termination units connected to a sin- 
gle local line termination unit. 

[0105] Next, local service packet com interface 127 
50 will be explained. This interface 127 has an input port 
for each of a plurality of local line termination units 
121 -a, 121-b, .... and one output port 2. The interface 
127 includes respective ring buffers 7-0, 7-1,... , and re- 
spective ring buffer managing section 8-0, 8-1,... for 
55 each input port, similar to the one presented in Embod- 
iment 6; an output signal transmission circuit 4 and re- 
trieval sequencing section 1 0 (or 20 or 30). The interface 
1 27 also constitutes a component of the packet multi- 
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plexing apparatus similar to the one presented in Em- 
bodiment 6, and the operation of this apparatus is also 
the same as the operation described in Embodiment 6, 
and will not be duplicated here. 

[0106] Accordingly, fairness of packet output for the 
local line termination units 121 -a, 121-b, ... connected 
to one local packet com interlace 127 can be guaran- 
teed. 

[01 07] Figure 9 shows another configuration of the lo- 
cal service packet com interlace 127. The interface 1 27 
has been designed by noting that the packets input to 
the input ports connected to the local line termination 
units 121 -a, 121-b,... are packets already multiplexed 
from a plurality of network com facilities. To guarantee 
fairness of access for the network com facilities connect- 
ed to different local line termination units, the local pack- 
et com interface 127 is comprised by a ring buffer 
(7-0, ...) and a ring buffer managing section (8-0, ...) for 
each network com facilities, as in Embodiment 6. For 
this purpose, it has a plurality of packet allocation sec- 
tions 50-1 , 50-2,... for allocating, for each original send- 
er of the network com facilities, the already multiplexed 
packets by the multiplexing apparatus (comprised by a 
combination of the network com facilities 110-1 , op- 
tical fibers 140-1-140-n branched or merged through 
the star coupler 1 30; and the local line termination units 
121-a, 121-b,...). The packet allocation section allo- 
cates packet to individual network com facilities by re- 
ferring to identification information for each network com 
facility contained in each packet. By using such a con- 
figuration, local packet com interface 1 27 can perform 
packet sequencing as though the interface 127 is con- 
nected directly to each network user, thereby enabling 
to guarantee fairness of packet output for users con- 
nected to different local line termination units. 
[0108] In Embodiment 7, packets input from network 
com facilities were multiplexed to output port 2 of the 
local service node 120. But this is not mandatory. For 
example, the packets input from input ports of the net- 
work com facilities 110-1,11 0-n connected to local serv- 
ice node 121-a, maybe looped backat the interface 127, 
to be output to input ports (not shown) of the cross con- 
nect unit 122 of the local line termination unit 121-b. The 
loop-back circuit for the interface 127 is not shown but 
an equivalent circuit may be configured by connecting 
the output port 2 to the input port (not shown) for the 
cross connection unit of the local line termination unit 
121-b. Such a circuit is able to multiplex packets input 
into the interface 127 from local line termination units 
121-a, 1 21 -c and other such units, excepting unit 121-b, 
to local line termination unit 121-b in the same fair man- 
ner as described in this embodiment. 
[0109] Also, in Embodiment 7, it was assumed that 
the packet multiplexing apparatus is the same as that 
presented in Embodiment 6, comprised by a combina- 
tion of the network com facilities 110-1, optical fibers 
140-1-140-n branched through the star coupler 130; 
and the local line termination units 121-a, 121-b, and 
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others. But, other system configurations are possible so 
that the apparatuses presented in Embodiments 1-5 
are equally applicable. 

[0110] Similarly, a packet multiplexing apparatus 
5 comprised by a service packet com interface 1 27 is the 
same as that presented in Embodiment 6, but other sys- 
tem configurations are possible, so that the apparatuses 
presented in Embodiments 1 -5 are equally applicable. 
[0111] As explained above, the present packet multi- 
plexing apparatus produces a same waiting time for all 
the input ports, such that fairness of packet output can 
be guaranteed for all the input ports. 
[0112] In the following various communication meth- 
ods based on a PDS accessing system, comprised by 
a plurality of network com facilities oppositely connected 
to one local service node, will be presented. 
[0113] Initially, technical terms used in the presenta- 
tion will be ctarified. In the following presentation, "sig- 
nals" refer to information exchanged between the local 
service node and the network com facilities. 
[0114] "Communication" refers to information con- 
taining the data exchanged through the network com fa- 
cilities and the local service node, and information to be 
transmitted is data themselves exchanged between 
such devices as telephones and computers connected 
to network communication facilities. In the case of tele- 
phones, data are voice data; and in the case of comput- 
ers, data are packets. 

[011 5] various channels referred to in the present in- 
vention are summarized below. 

[0116] Channels for transmitting signals (commands, 
instructions and the like) are referred to as "signal chan- 
nels"; and channels for communicating information are 
referred to as "communication channels". 
[0117] Communication channels include shared 
channels shared by a plurality of network com facilities 
for transmitting upward information, and more than two 
frame packets are defined in a shared channel. Also, 
communication channel may sometimes include circuit 
channels for connecting to a trunk network. And, shared 
channels are utilized as LAN channels for connecting 
local area networks. 

[0118] Downward signal channels include shared 
channels for transmitting common signals to be sent to 
all the network com facilities, and such shared channels 
may define approval slots to correspond to individual 
frame packets. Also, downward signal channels may 
sometimes include individual channels, each having a 
given fixed bandwidth, for transmitting signals to be sent 
individually to different network com facilities. 
[011 9] Preferred embodiments of the communication 
method will be presented in the following. 

[Embodiment 1 of the Communication Method] 

[01 20] Figure 1 3 shows a frame packet transmission/ 
reception diagram between network termination units 
and a local line termination unit in Embodiment 1 . The 
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system configuration is the same as the one shown in 
Figure 11. For simplification, synchronizing frame for 
synchronizing the transmission/reception channels and 
transmission delay time through optical fibers are omit- 
ted. In the drawing, four frame packets per one burst 
cycle T are defined within the upward communication 
channel, but as will be made clear in the following pres- 
entation, this quantity is chosen only for illustrative pur- 
poses. Also, four network termination units are shown, 
but the number of defined frame packets and the 
number of termination units need not be the same. 
[0121] Frame packets are identified in sequence as 
1, 2, 3 and 4. In response to frame allocation requests 
from the network termination units 111-1-11 1-n, the lo- 
cal line termination unit 1 21 -1 sends frame packet iden- 
tity, through the downward signal channel, to the net- 
work termination units asking for transmission approval. 
Those network termination units receiving frame packet 
identities transmit data to the respective specified frame 
packets. 

[0122] In this process, the start-bit position in each 
frame packet (bit position within a burst cycle T) and the 
packet length in the upward communication channel 
have been pre-determined. Thus, each network termi- 
nation unit that received a frame packet identity begins 
transmission of data at the start-bit of the frame packet 
corresponding to the frame packet identity. 
[0123] Figure 1 3 illustrates a case of the network ter- 
mination units 111-1, 111-2, 111-3, 111-4 sending data 
in the respective frame packets 1 , 2, 3, 4 according to 
the frame transmission approval. 
[01 24] In this case, it is sufficient for the local line ter- 
mination unit to provide only the frame packet identities 
in the frame transmission approval information, so that 
there is no need to inform, as in the conventional sys- 
tem, data transmission timing within the channel and the 
approved amount of channel usage for each burst cycle 
to the network termination units. Further, if the frame 
packet length is made all uniform in the system, it is free 
to allocate any frame packet to any network units, there- 
by further simplifying the control process. 
[0125] Accordingly, by using the communication 
method presented above, control of the process is sim- 
plified, thus eliminating the need for conventional high- 
speed circuits and allowing communication to be carried 
out effectively using circuits of a smaller scale. 

[Embodiment 2 of the Communication Method] 

[0126] In Embodiment 1, each frame packet was used 
by different network com facility, but the present system 
is not limited to such a procedure, and a plurality of 
frame packets can be allocated to one network com fa- 
cility. 

[0127] Figures 14 and 15 illustrate frame packet 
transmission/reception diagrams between network ter- 
mination units and a local line termination unit in Em- 
bodiment 2. The system configuration is the same as 



the one shown in Figure 11. For simplification, synchro- 
nizing frame for synchronizing the transmission/recep- 
tion channels and transmission delay time through op- 
tical fibers are omitted. In the drawing, four frame pack- 

5 ets per one burst cycle T are defined within the commu- 
nication channel, but as will be made clear in the follow- 
ing presentation, this quantity is chosen only for illustra- 
tive purposes. Also, four network termination units are 
shown, but the number of defined frame packets and 

10 the number of termination units need not to be the same. 
[0128] Frame packets are named in sequence as 1, 
2, 3 and 4. In response to frame allocation requests from 
the network termination units 1 1 1 -1 - 1 1 1 -n, the local line 
termination unit 121-1 sends frame packet identities, 

is through the downward signal channel, to the network 
termination units asking for transmission approval. 
Those network termination units receiving frame packet 
identities transmit data to the respective specified frame 
packets. 

20 [0129] Figure 1 4 shows a case of the network termi- 
nation unit 111-1 sending data in frame packets 1, 2 ac- 
cording to the frame transmission approval information 
and the network termination units 111-2, 111-3, sending 
respective data in frame packets 3, 4 according to the 

25 frame transmission approval information. In this case, 
the local line termination unit 121-1 uses the signal 
channel to transmit the information that network termi- 
nation unit 111-1 to use frame packets 1 , 2, and network 
termination units 111-2, 111-3 to use frame packets 3, 

30 4, respectively. 

[0130] Figure 15 shows a case of the network termi- 
nation unit 111-1 sending data in all the frame packets 
according to the frame transmission approval informa- 
tion. In this case, the local line termination unit 121-1 

35 uses the signal channel to notify frame packets 1 , 2, 3, 
4 to the network termination unit 111-1 of the network 
com facilities 110-1 . 

[0131] Accordingly, by using the communication 
method presented above, control of the system opera- 
40 tion, including allocation of bandwidths to network com 
facilities, is simplified so that high-speed circuits used 
in conventional systems are not needed, thereby ena- 
bling to communicate using circuits of a smaller scale 
than those in the conventional systems. 

45 

[Embodiment 3 of the Communication Method] 

[01 32] Embodiments presented so far were related to 
communication systems dealing in LAN service only, but 

50 this embodiment presents a communication method 
based on multiplexing signals from telephone service for 
network com facilities having an individually allocated 
bandwidth, and multiplexing signals from users sharing 
a common bandwidth in a LAN network. 

55 [0133] Figure 16 shows a frame packet transmission/ 
reception diagram between network termination units 
and a local line termination unit in Embodiment 3. The 
system configuration is the same as the one shown in 
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Figure 11. For simplification, synchronizing frame for 
synchronizing the transmission/reception channels and 
transmission delay time through optical fibers are omit- 
ted. Circuit channels for connecting to a trunk network 
are allocated individually to the network termination 
units, and each upward channel in a LAN channel are 
divided into a plurality of frame packets. In other words, 
the upward circuit channel uses the time-division multi- 
ple access (TDMA) system. In this example, there are 
four frame packets defined in a com channel, but as will 
be made clear in the following, it is not necessary to re- 
strict to four frame packets. Also, four network termina- 
tion units are shown but the number of defined frame 
packets and the number of termination units need not 
be the same. 

[0134] Frame packets are named in sequence as 1, 
2, 3 and 4. tn response to frame allocation requests from 
the network termination units 111-1-111-n, the local line 
termination unit 121-1 allocates frame packet identities, 
through the signal channel, to the network termination 
units asking for transmission approval. Those network 
termination units receiving frame packet identities trans- 
mit data to the respective specified frame packets. 
[0135] Figure 16 shows a case of the network termi- 
nation units 111-1, 111-2, 111-3, 111-4 sending data in 
frame packets 1 , 2, 3, 4 according to the frame trans- 
mission approval information. In this case, the local line 
termination unit 121-1 uses the circuit channel to allo- 
cate frame packet identities 1 , 2, 3, 4 to the network ter- 
mination units 111-1, 111-2, 111-3, 111-4, respectively. 
[0136] As explained in Embodiments 1 and 2, in this 
method also, by allocating a plurality of frame packet 
identities to one network termination unit, this network 
termination unit can send data to a plurality of frame 
packets. 

[Embodiment 4 of the Communication Method] 

[01 37] Embodiment 4 presents a method in which the 
communication system is provided with individual chan- 
nels having an individually allocated bandwidth for each 
network communication facilities and a shared channel 
common to the network communication facilities; and 
the network communication facilities transmit frame al- 
location requests through individual channels, and the 
local line termination unit transmits frame transmission 
approvals through the shared channel. More precisely, 
the local line termination unit in the local service node 
uses approval slots in the shared channel to notify unit 
identities to those network termination units asking for 
frame transmission approval. 

[01 38] Figure 1 7 shows a communication diagram for 
Embodiment 4. The system configuration is the same 
as that shown in Figure 11, and synchronizing frames 
and transmission delay through optical fibers are omit- 
ted. There are four frame packets identified by 1, 2, 3, 
and 4. Network termination units are identified by re- 
spective IDs, and approval slots, each slot having a 



length to correspond to the length of each ID, are de- 
fined in the shared channel in the downward signal 
channel. The number of approval channels is the same 
as the number of frame packets defined in the upward 

5 communication channel: approval slot 1 corresponds to 
frame packet 1 ; approval slot 2 to frame packet 2; ap- 
proval slot 3 to frame packet 3; and approval slot 4 to 
frame packet 4. Four frame packets are defined in this 
example, but it is not necessary to limit to four frame 

io packets. Also, there are four network termination units 
but the number of defined frame packets and the 
number of network termination units need not be the 
same. 

[0139] As an example, if the local line termination unit 
is allocates frame packet 1 to network termination unit 1 , 
the ID of the network termination unit 1 is described in 
approval slot 1 . Similarly, approval slots 2-4 are given 
IDs corresponding to the approved network termination 
units. 

[0140] Network termination units read the IDs given 
in approval slots 1-4, and if own ID is among the list, it 
assumes that an approval has been given, and sends 
own data to the frame packet allocated. 
[0141] Figure 17 illustrates a case of the network ter- 
mination units 111-1, 111-2, 111-3, 111-4 sending data 
in the respective frame packets 1 , 2, 3, 4 according to 
the frame transmission approval information described 
in the respective approval slots. 

[0142] The following is an explanation for the method 
of multiplexing signals from telephone service for net- 
work com facilities having an individually allocated 
bandwidth, and multiplexing signals from LAN service 
for network com facilities sharing a bandwidth in a LAN 
network. Figure 18 shows a frame configuration. By de- 
fining the frame configuration as illustrated, frame pack- 
et allocation can be performed using the same commu- 
nication method presented above. 
[01 43] The communication method outlined above fa- 
cilitates allocation of frames to provide an efficient high- 
speed communication system. 

[Embodiment 5 of the Communication Method] 

[01 44] Embodiment 5 presents a method in which the 
communication system is provided with individual chan- 
nels having an individually allocated bandwidth for each 
network communication facilities and a shared channel 
common to the network communication facilities; and 
the network communication facilities transmit frame al- 
location requests through individual channels, and the 
local service node transmits frame transmission approv- 
als through the shared channel. More precisely, the local 
line termination unit in the local service node uses indi- 
vidual channels in the signal channel for sending sepa- 
rate frame transmission approvals to network com facil- 
ities having individually allocated bandwidths. 
[0145] Reviewing the previous embodiment, in Em- 
bodiment 4, IDs of the approved network termination 
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units were given in the approval slots of the correspond- 
ing frame packets in the downward signal channel. Em- 
bodiment 5 differs in that the IDs of the frame packets 
are given in an approval slot allocated to each individual 
channel of the network termination unit. 
[01 46] Figure 1 9 shows a communication diagram for 
Embodiment 5. The system configuration is the same 
as that shown in Figure 11, and synchronizing frames 
and transmission delay through optical fibers are omit- 
ted. There are four frame packets 1 , 2, 3, 4. Downward 
signal channel is comprised by shared signal channels 
for sending signals that are necessary to be transmitted 
to all the network com facilities, and individual channels 
for sending signals separately to individual network com 
facilities. Signals in the shared signal channels can be 
read by all the network termination units while the indi- 
vidual channels are defined at least one for each net- 
work termination units, and each network termination 
units can only read signals in own individual channel. In 
this example, four frame packets are defined in the cir- 
cuit channel, but it is not necessary to restrict to four 
frame packets. Also, four network termination units are 
shown but the number of defined frame packets and the 
number of termination units need not be the same. 
[0147] The local line termination unit notifies a frame 
transmission approval to each network termination unit 
by describing frame packet identities in the individual 
channels. For example, if the frame packets allocation 
is to made in the following pattern: frame packets 1 , 2 
to network termination unit 1; frame packet 3 to termi- 
nation unit 2; and frame packet 4 to termination unit 3; 
then, the local line termination unit 121 approves frame 
transmission by describing frame packet identities 1 , 2 
in the individual channel for termination unit 1, frame 
packet identity 3 in the individual channel for unit 2, and 
frame packet identity 4 in the individual channel for unit 
3. Each network termination unit reads own individual 
channel, and if frame packet identity is described in the 
channel, data are sent in the frame packets described 
in the channel. If a frame packet identity is not described 
in the channel, it assumes that transmission has not 
been approved, and does not send data. 
[0148] Figure 19 shows a communication diagram 
when an approval is given so that: frame packet 1 is al- 
located to network termination unit 111-1; frame packet 
2 is allocated to network termination unit 111-2; frame 
packet 3 is allocated to network termination unit 111-3; 
and frame packet 4 is allocated to network termination 
unit 111-4. 

[01 49] It should be noted that the multiplexing method 
presented above is applicable to signals from telephone 
service for network users, each having an exclusive 
bandwidth, and to signals from LAN users sharing a 
common bandwidth in a LAN network. 
[01 50] The communication method outlined above fa- 
cilitates allocation of frames to provide an efficient high- 
speed communication system. 



[Embodiment 6 of the Communication Method] 

[0151] This method of communication is based on the 
packet multiplexing apparatus described in Embodi- 

s ment 7 (PDS type optical access system). The system 
configuration is the same as the one shown in Figure 8. 
The communication methods presented in Embodi- 
ments 1 -5 are based on the PDS optical access system 
so that these apparatuses are applicable to communi- 

io cation between network termination units and a local 
line termination unit. 

[0152] Similar to the operations of the packet multi- 
plexing apparatus in Embodiment 4, the network termi- 
nation units, having packets to be transmitted to the lo- 
15 cal service node 1 20, send packet-notes to respective 
local line termination units 121. The ring buffer manag- 
ing sections 8,... in each network termination unit calcu- 
lates respective packet lengths that can be sent if an 
allocation is given (according to the method explained 
in Embodiment 6 of the multiplexing apparatus), and cal- 
culates the required number of frame packets from the 
sum of the packet lengths. 

[0153] Frame request sent from each network termi- 
nation unit to respective local line termination units 121 
contains information related to the number of necessary 
frame packets. 

[0154] Local line termination unit 121, receiving pack- 
et-notes from those network termination units, outputs 
frame transmission approvals according to the se- 
quence given by the retrieval sequencing section 10 (or 
20 or 30). Frame transmission approval should be con- 
figured so as to include information necessary for the 
network termination units to use the frame packets. 
[0155] An example case deals with one local service 
node oppositely connected to four network termination 
units, and four frame packets are defined in one burst 
cycle T As evident in the following presentation, there 
is no need to match the number of network termination 
units to the number of frame packets in the burst cycle. 
Also, it is assumed that the frame packets are identified 
by 1 , 2, 3, 4. 

[0156] First, according to the operations described 
above, the frame request patterns are: network termi- 
nation unit 1 requesting one frame packet; unit 2 re- 
questing two frame packets; unit 3 requesting none; and 
unit 4 requesting one frame packet. In this case, retrieval 
sequencing section determines the sequence for the 
units 1 -4 excepting for the unit 3. Suppose the result is 
a sequence: unit 1, unit 2 and unit 4. In this case, the 
local line termination unit 121 allocates frame packet 1 
to unit 1 ; frame packets 2, 3 to unit 2; and frame packet 
4 to unit 4, and outputs respective frame allocation ap- 
provals. 

[0157] Each network termination unit outputs data in 
the allocated frame packets in the sequence according 
to the frame transmission approvals. 
[0158] Next, another request pattern will be exam- 
ined. In this case, it is assumed that the pattern is: unit 
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1 requesting three frame packets; unit 2 requesting two 
frame packets; unit 3 requesting five frame packets; and 
unit 4 requesting one frame packet. The retrieval se- 
quencing section determines sequencing for at) four ter- 
mination units 1-4. Suppose the result is a sequence: 
unit 2; unit 1; unit 4; unit 3. In this case, during the first 
burst cycle T, the local line termination unit 121 allocates 
frame packets 1, 2 to unit 2; frame packets 3, 4 to unit 
1 ; and outputs respective frame transmission approvals. 
Termination units 2 and 1 transmit data using the allo- 
cated frame packets, but according to the above alloca- 
tion sequence, it means that unit 1 could not receive the 
requested number of frame packets and units 3, 4 could 
not receive a frame transmission approval. 
[0159] During the next burst cycle T, the local line ter- 
mination unit 121 allocates frame packet 1 to unit 1; 
frame packet 2 to unit 4; frame packets 3, 4 to unit 3; 
and outputs respective frame transmission approvals. 
Accordingly, units 1 . 4, 3 transmit data using the frame 
packets allocated thereto. It means that unit 1 has now 
been allocated the frames missing from the frame re- 
quest. However, unit 3 was still not able to receive frame 
packet allocations to satisfy the requested number of 
frame packets. 

[0160] During the next burst cycle T, local line termi- 
nation unit 121 allocates frame packets 1, 2. 3 to net- 
work termination unit 3. If, at this point, there are no re- 
quests for frame allocation by any network termination 
units, frame packet 4 is not used, but if there are alloca- 
tion requests from other network termination units, 
frame packet 4 is allocated by following the procedure 
described earlier. 

[0161] By using such a communication method and 
the packet multiplexing apparatus of the present inven- 
tion, it is possible to assure fairness of data transmission 
among the network users. 

[0162] It is clear that the present method of commu- 
nication enables to provide efficient high-speed data de- 
livery, by simplifying the process of control of multiplex- 
ing packets, including bandwidth allocation to individual 
channels. 

[0163] In this particular example, the type of service 
with individual channel allocation was exemplified using 
telephone switching circuits, but the method is equally 
applicable to other similar communication systems such 
as integrated service digital networks (ISDN). 
[0164] As demonstrated in the above presentations, 
the method of communication disclosed in the present 
invention eliminates the need for informing the network 
termination units of timing of data transmission and use- 
able channel allocation, for each burst cycle (repeated 
cycles of transmission/reception), which have been re- 
quired in the conventional communication methods. The 
entire process of control, including allocation of band- 
widths, has been simplified using circuits of a smaller 
scale and without high-speed circuits. 
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Claims 

1 . A packet multiplexing apparatus comprising: 

s input ports (1 -0-1 -(n-1)) for inputting a packet 

in a respective input port; 
buffer memories (3-0~3-(n-1)), corresponding 
to each input port, for temporary storage of re- 
spective packets; 

w an output signal transmission circuit (4) for re- 

trieving a packet from each buffer memory in a 
specific sequence; 

an output port (2) for transmitting packets out- 
put from said output signal transmission circuit 

is (4); and 

a retrieval sequencing section (10 or 20 or 30) 
for controlling said specific sequence by chang- 
ing a retrieving order of packets from buffer 
memories for each complete round of packet 

20 retrieval so that a frequency of said retrieving 

order for each input port is uniformly shared by 
said input ports. 

2. A packet multiplexing apparatus according to claim 
25 1, wherein said retrieval sequencing section (20 or 

30) controls said specific sequence by changing a 
retrieving order of packets from buffer memories, 
for each complete round of packet retrieval, so that 
a frequency of said retrieving order is uniformly 
30 shared by said input ports, and that a combination 
of two adjacent input ports in said specific sequence 
is uniformly distributed among said input ports. 

3. A packet multiplexing apparatus comprising: 

35 

input ports (1-0~1-(n-1)) for inputting a packet 
in a respective input port; 
buffer memories (3-0~3-(n-1)), provided for 
each input port, for temporary storage of a 
*o packet for a corresponding input port; 

an output signal transmission circuit (4) for re- 
trieving a packet from each buffer memory in a 
specific sequence; 

an output port (2) for transmitting packets out- 
4 5 put from said output signal transmission circuit; 

an input signal transmission circuit (5) for trans- 
mitting information on presence or absence of 
a packet in each buffer memory to said output 
signal transmission circuit; 

50 

wherein 

said output signal transmission circuit (4) in- 
cludes a function to send a packet transmission 
55 approval for an input port reporting a packet 

presence to said input signal transmission cir- 
cuit; and further comprises, 
a retrieval sequencing section (10 or 20 or 30) 
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for controlling said specific sequence by chang- 
ing an approving order of packets, for each 
complete round of packet retrieval from input 
ports reporting a packet presence, so that a fre- 
quency of said approving order is uniformly s 
shared by input ports reporting a packet pres- 
ence. 



said apparatus operates in a communication 
system in which network communication facili- 
ties (110-1, . . . ) are oppositely connected to a lo- 
cal service node (120) by branching transmis- 
sion lines (140-1 ~140-n); 

wherein 



4. A packet multiplexing apparatus according to claim 

3, wherein said retrieving sequencing section (20 or io 
30) controls said specific sequence by changing a 
approving order of packets for input ports reporting 
a packet presence, for each complete round of 
packet retrieval, so that a frequency of said approv- 
ing order is uniformly shared by input ports, and that is 
a combination of two adjacent input ports in said 
specific sequence is uniformly distributed among in- 
put ports. 

5. A packet multiplexing apparatus according to any 20 
one of claims 1 to 4, wherein said retrieval sequenc- 
ing section (10 or 20) is provided with counters, and 
said specific sequence is determined by computa- 
tion based on output values of said counters. 

25 

6. A packet multiplexing apparatus according to any 
one of claims 1 to 4, wherein said retrieval sequenc- 
ing section (30) is provided with a table containing 
sequences of input ports for retrieving packets, and 
said specific sequence is determined according to 30 
said table. 

7. A packet multiplexing apparatus according to any 
one of claims 1 to 6, further comprising: 

35 

means for determining a retrieval sequence ac- 
cording to a packet arrival sequence when two 
packets or more are stored in said buffer mem- 
ory, and for determining a number of packets to 
be retrieved from said buffer memory while 40 
keeping a total length of said retrieved packets 
to be less than a given value. 

8. A packet multiplexing apparatus according to any 
one of claims 1 to 6, wherein: 45 

said buffer memory provided for each input port 
is a ring buffer (one of 7-0~7-(n-1)) divided into 
a plurality of ring sections having a specific 
length; and so 
said apparatus further comprises means for re- 
trieving all packets having tail data in a ring sec- 
tion in an input order of packets, when each 
packets input from input ports are stored suc- 
cessively in corresponding ring buffer. ss 

9. A packet multiplexing apparatus according to any 
one of claims 1 to 8, wherein: 



said input ports (1-0~1-(n-1)) are provided for 
each network termination facility; and 
said output port (2) are provided on said local 
service node. 

10. A communication method for exchanging informa- 
tion in a communication system comprised by net- 
work communication facilities (110-1-110-n) oppo- 
sitely connected through branching transmission 
lines (140-1~140-n) to a local service node (120), 
by time division multiplexing of upward communica- 
tion signals, flowing from said network communica- 
tion facilities to said local service node, and a down- 
ward communication signals, flowing from said lo- 
cal service node to said network communication fa- 
cilities, wherein said communication system is pro- 
vided with a shared channel common to the network 
communication facilities for transmitting upward in- 
formation; and said shared channel contains not 
less than two frame packets; said method compris- 
ing the steps of: 

network communication facilities, having up- 
ward data, transmitting frame allocation re- 
quests to said local service node; 
said local node, in response to frame allocation 
requests from said network communication fa- 
cilities, transmitting frame transmission approv- 
als allocated in units of frame packets to said 
network communication facilities; and 
said network communication facilities transmit- 
ting to said local service node said upward data 
in respective allocated frame packets chosen 
from a plurality of frame packets in said shared 
channel. 

11. A communication method according to claim 10, 
wherein said local service node allocates one or not 
less than two frame packets to one network com- 
munication facility. 

12. A communication method according to claim 11, 
wherein said network communication facility in- 
cludes information on a required number frame 
packets in said frame allocation request to be trans- 
mitted to said local service node. 

13. A communication method according to any one of 
claims 10 to 12, wherein said communication sys- 
tem is provided with individual channels having an 
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individually allocated bandwidth for each of said 
network communication facilities and a shared 
channel common to said network communication 
facilities; wherein network communication facilities 
transmit frame allocation requests through individ- 5 
ual channels, and said local service node transmits 
frame transmission approvals through said shared 
channel. 

14. A communication method according to claim 13, io 
wherein a downward shared channel for transmit- 
ting downward information is provided with ID slots 

for describing facility identifications, for identifying 
individual network communication facilities, to cor- 
respond to a number of frame packets to be trans- '5 
mitted in upward shared channels; wherein 

each ID slot is defined in a 1 : 1 relationship with 
each frame packet; and 

said local service node transmits a frame trans- 20 
mission approval by describing a facility identi- 
fication in an ID slot corresponding to a frame 
packet allocated to respective network commu- 
nication facility. 

25 

15. A communication method according to any one of 
claims 10 to 12, wherein said communication sys- 
tem is provided with individual channels having in- 
dividually allocated bandwidths for each of said net- 
work communication facilities and a shared channel 30 
common to said network communication facilities; 
wherein said network communication facilities 
transmit frame allocation requests through individ- 
ual channels, and said local service node transmits 
frame transmission approval through said individual 35 
channel. 

16. A communication method according to claim 15, 
wherein: 

40 

said frame packets are managed by identifica- 
tion numbers; and 

said local service node sets an identification 
number of allocated frame packet in the frame 
transmission approval and transmits the frame 45 
transmission approval to individual network 
communication facilities. 

17. A communication method according to any one of 
claims 10 to 16, wherein each frame packet has an so 
identical length. 

18. A packet multiplexing apparatus according to claim 
9, wherein communication is performed according 

to the method disclosed in any one of claims 10 to 55 
17. 
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